Bull and ram spermatozoa were stored in synthetic media containing various skimmilk preparations.
Introduction
Thaeker and Almquist (14) found that fresh cow's milk was toxic to spermatozoa. They associated the toxic factor(s) with the albumin Received for publication January 9, 1970. 1 Present address: Wellcomo Institute of Comparative Physiology, The Zoological Society of London, London, N'. W. 1, England.
containing fraction (15) and removed the toxicity by heat treatment, giving a preparation that has been widely accepted as a diluent for bull and ram spermatozoa. Jones (6) found that the dialyzable components of milk were more toxic to spermatozoa than the nondialyzable components. Heating either preparation was beneficial, but heat rendered lactose, a dialyzable component of milk, harmful to spermatozoa. Therefore, methods of preparing detoxified protein fractions without the harmful effect on lactose were investigated. The first experiment tested the ability of a nondialyzabte milk preparation to protect spermatozoa against harmful effects of high dilution, and the second experiment showed its effect on the tonicity of the diluent. The next two experiments compared various cysteine methods of detoxifying milk with heating since Jones (6, 7) suggested that, if cysteine detoxified skimmilk by a chemical combination of its sulfhydryl groups with those in milk, exactly the correct amount should be used to completely detoxify milk without leaving a toxic unbound eysteine residue. Finally, several promising nondialyzable skimmilk preparations were lyophilized, reconstituted in a lactose synthetic media, and compared for storing semen.
Experimental Procedures
Ram semen was collected after electrical stimulation (2) and bull semen with an artificial vagina. Samples containing a high proportion of active spermatozoa were diluted within 40 rain of collection.
Milk was from local dairies in Sydney, Australia, for studies with ram semen, and in Ithaca, New York, for studies with bull semen. Methods of preparing nondialyzable bovine skimmilk have been described (6) . These involved storing five 10-ml dialysis sacks of skimmilk at 5 C for 48 hr in a liter of water (Experiments 1, 2, 5, and 6), saline (Experiment 4) or buffered saline (Experiments 3 and 4). Total dilution of the dialyzable components of milk was 400-fold. In Experiment 3 dialyzable components were diluted 400-to 1,600-fold. For Experiments 3 and 4 sacks were emptied into measuring cylinders after dialysis and diluted to equal volumes with the relevant solution so that all solutions contained the same concentration of nondialyzable solids. Depending on the experimental design, .5 or 1.0 mg of cysteine-HC1 was added to some of the diluents either before or after dialysis. Heating of the milk was in covered tubes at 92 C for 10 rain immediately before or after dialysis. Treatment of milk was carried out before lyophilization.
The composition of the Krebs-HenseleitRinger (8) and lactose synthetic diluent (6) was given previously. The concentration of sodium chloride in the lactose synthetic media was 15 or 54 mM in Experiment 5 and 15 m~ in Experiment 6. The buffered sodium chloride solutions in Experiments 2, 3, and 4 were similar to the lactose synthetic medium except they contained no lactose and 144 m~ of sodium chloride in Experiments 3 and 4 and varying concentrations of sodium chloride in Experiment 2. All diluents contained antibiotics and fructose (6) .
Methods of coding and randomization of the storage tubes (10), scoring sperm viability for rate of progressive motility and percentage of motile spermatozoa (3, 5, 6, 7) , and statistical analyses (5, 6, 7, 8) have been described previously. For brevity only tables of means or mean effects are shown, and some separate experimental results are compared in the same table. Furthermore, only main effects or firstorder interactions that were statistically significant are discussed.
Results
Both heat and eysteine-HC1 treatment of milk caused release of odorous gases. After eysteine-HC1 addition, the gas was noticeably sulfurous. The addition of eysteine-HC1 to skimmilk caused a small precipitate while its addition to nondialyzable skimmilk caused a very noticeable precipitate which redissolved after vigorous shaking. Lyophilized preparations of eysteine-HCl-treated and untreated skimmilk dissolved completely in the lactose synthetic diluent to form a translucent solution. However, heating skimmilk or nondialyzable skimmilk visibly increased their opacity, suggesting some protein denaturation; there was little precipitate. Lyophilized, heated, nondialyzable skimmilk did not completely redissolve in any of the media.
Experiment 1.
The protection afforded by milk protein to ram spermatozoa diluted at a high rate was tested in a 23 factorial experiment replicated with ejaculates from 4 rams.
The factors were (i) semen stored in KrebsHenseleit-Ringer or glucose synthetic media, (ii) addition of 0 or .8% (w/v) of a lyophilized preparation of nondialyzable heated skimmilk and (iii) semen diluted 20 or 80-fold. Samples were incubated for 9 hr at 37 C.
Sperm survived equally well in the two types of media so the results have been combined in Table 1 . Addition of .8% of the milk preparation improved the rate of sperm motility (P < .05) and the percentage of motile sperm (P < .01). This effect was mainly due to the protection against harmful effects of the higher dilution rate (P < .05). There was also an interaction between dilution rate and ejaculates (P < .05).
Experiment 2. The effect of a lyophilized nondialyzable heated skimmilk preparation on the tonieityof a diluent was tested in a 3 × 5 factorial experiment replicated with ejaculates from 4 bulls. The factors were (i) the milk preparation used at concentrations of 0, .75, 1.50, 2.25 or 3.00% (w/v), and (ii) the concentration of sodium chloride varied so that osmolarities of the diluents were 60, 80, and 100% equivalent to 154 m~ sodium chloride (i.e. 171, 228 and 285 mosmoles/kg). Semen was stored for 12 hr at 37 C.
Increasing the concentration of milk preparation caused a linear increase in rate of sperm motility (1.7, 2.3, 2.3, 2.7 and 2.8 P < .05) and in per cent motile sperm (25, 29, 41, and 49, P < .001). Spermatozoa survived better in diluents of 228 mosmoles than 171 or 285 mosmoles. However, there was a significant interaction (P < .01) because the effect of varying the concentration of sodium chloride was reduced by increasing the concentrations of milk preparations (Fig. 1) .
Experiments 3 and 4. Effects of various cysteine-HC1 and heat treatments of fresh preparations of nondialyzable skimmilk on the toxicity of ram and bull spermatozoa were tested in Experiments 3 and 4. As toxicity, and not protective action, was of primary interest, semen was diluted 25-fold and stored at 37 C for 9 hr. Experiment 3 was a 2 × 5 factorial replicated with ejaculates from 4 bulls. Factors were nondialyzable skimmilk prepared by (i) dialyzing skimmilk against buffered sodium chloride so that the dialyzable components were diluted 400-or 1,600-fold and (ii) during preparation skimmilk was untreated, heated, or cysteine-HCl-treated. Treatments were applied either before or after dialysis. Results of the two dialysis dilutions have been combined in Table 2 as the mean results for each dilution were about the same. Overall, a greater proportion of spermatozoa survived incubation in heated than cysteine-HC1 treated preparations (P < .01). However, as judged by both scores of response (P < .001), it was better to treat milk with eysteine-HC1 before rather than after dialysis while heat treatment was best administered after dialysis. Individual F-tests comparing motility scores for milk preparations heated after dialysis with the mean for preparations treated with eysteine-HC1 before dialysis showed that the latter treatment was superior for rate of sperm motility (P < .05) and percentage of moti]e spermatozoa (P < .001). There was also an interaction between milk preparations and ejaculates. Experiment 4 was a 22 X 6 factorial arrangement replicated with ejaculates from 4 rams. The factors were (i) nondialyzable strlmmilk prepared by dialysis against saline conraining 0 or 5 m~ sodium phosphate buffer, (ii) nondialyzable skimmilk prepared by the six methods shown in Table 2 and (iii) subsamples of semen examined after incubation of 37 C for 4 and 6 hr. The presence of Table 2 . Heating nondialyzable milk improved motility scores over unheated or cysteine-HC1 treated milk (P .05 to P < .001), but heating had no advantage over cysteine-HC1 treatment before dialysis. As in the previous experiment it was better to add cysteine-HC1 before rather than after dialysis (P < .001). A significant interaction (P < .001) of storage time with ejaculates for both measures of response showed that the effect of storage time was greater for some ejaculates than others. Inclusion of phosphate in the dialysis solution (not shown in Table 2 ) lowered mean scores of rate of motility and percentage of motile sperm (P < .01).
Nondialyzable skimmilk was prepared by the better methods in Experiments 3 and 4 and lyophilized for use in Experiments 5 and 6 in which bull semen was diluted 100-fold in lactose synthetic media.
Experime~.t 5. This was a 3 × 4 × 2 fac-
torial design replicated with ejaculates from 4 bulls. The factors were (i) preparation of lyophilized nondialyzable skimmilk without treatment, heating after dialysis, and cysteine-HC1 added before dialysis, (ii) inclusion of .4, .8, 1.6 or 3.2% (w/v) of the lyophilized preparations and (iii) diluent osmolality varied by 15 m~ or 46 m~ sodium chloride. Semen was stored for 8 hr at 37 C or for 2 days at 5 C. Survival of spermatozoa in the unheated lyophilized preparations was so poor that these observations were discarded. The other levels and factors are in Tables 3 and 4 . The percentage of motile spermatozoa was higher (P < .01) in the heated than cysteine-HC1 treated preparation at 5 and 37 C (Table 3 ). Increasing the concentrations of sodium chloride decreased mean scores of the percentage of motile spermatozoa and rate of motility (latter not shown) in samples stored at 37 C (P < .001) and 5 C (P < .01). At 37 C there was an interaction between milk treatment and concentration of sodium chloride (P < .05) due to the more marked depression of the percentage of motile sperm by 46 m~ of sodium chloride in the presence of cysteine. Table 4 reveals that at 37 C there was a tendency for both scores of sperm motility to increase as the lyophilized milk preparation increased in the heat treated series. The reverse trend with cysteine-HC1 resulted in a a Average of 16 observations per subclass (4 ejaculates X 4 levels of milk preparation).
significant interaction (P < .01). The addition of the lyophilized preparations to solutions containing 15 m~ sodium chloride increased the percentage of motile sperm but had little effect on solutions containing 46 mM sodium chloride. At 5 C (not shown for experiment 5) the percentage of motile sperm was higher in diluents containing .8 or 1.6% lyophilized milk (P < .05) than with other levels. Tables  4 and 5 . In previous studies a white precipitate formed when eysteine-HC1 was added to solutions of nondialyzable skimmilk. In the present experiment all of the nondialyzable preparations were either shaken to suspend any precipitate or centrifuged prior to lyophilization, and only the supel~aatant was used.
Overall, increasing the concentration of the milk preparation increased the percentage of motile sperm (P < .01, Table 4 ). The response in the cysteine-HC1 treated milk preparations was curvilinear, resulting in an interaction between amount and method of milk preparation (P < .01). Heat treatment was superior to the eysteine-HC1 treatment (P < .0I, Table 5 ).
The precipitate was present only in the cysteine-HC1 treatment and its removal was beneficial (P < .01, Table 5 ).
Discussion
Immobilization of spermatozoa occurring at high dilution of semen (1, 4, 17) is thought to be due to surface changes associated with a loss of intracellular substances (11) . The inclusion of macromolecules in washing diluents has Figure 1 indicate that increasing concentrations of milk proteins did not increase the diluent tonicity to a harmful level and actually prevented sperm motility from being depressed by diluents of high and low osmolality but which did not contain the milk preparation. We suggest that the proteins buffered against changes in diluent tonicity. Although not mentioned by Ross (13) , his data support this argument. He showed that the size of the primary spermatoeyte nuclei of Helix aspera changed little when stored in solutions containing various concentrations of sodium chloride and high levels of bovine serum albumin.
The finding that it was better to heat milk after rather than before dialysis agrees with the report (6) that it is better to heat the nondialyzable components alone rather than in combination with the dialyzable components. That it is better to add cysteine-HC1 before dialysis so that excess unbound cysteine is removed also confirms the suggestion (6, 7) that unbound cysteine-HC1 may be toxic to spermatozoa if too much is added to milk. Also, with the cysteine-HCl treatment a precipitate which forms should be removed.
Johnson, ~lipse, and Almquis~ (9) concluded that the toxicity of fresh milk to spermatozoa is due to free sulfydryl groups which can be blocked by chemical bonding with either "activated" fl-lactoglobulin during heating or by exogenous cysteine-I-IC1. Jones (7) suggested that this was an oversimplification of the detoxification process. Considering the different amounts of precipitate formed when nondialyzable skimmilk is heated or cysteine-l=IC1 treated and the effect of removing this on the survival of spermatozoa in the two preparations, we doubt that these separate methods of detoxification are similar. Jones (7) found that a combination of these treatments may be useful in preparing diluents for ram spermatozoa.
Other differences in response were observed in the several experiments. However, since the comparisons often involved differences in more than one variable, such as species, source of milk, processing of the milk, and sperm storage conditions, it is not possible to ascribe each of these differences to a single cause. Additional studies are needed to resolve these differences and before practical recommendation.
